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Abstract
Polycystic ovarian syndrome is the commonest cause of anovulatory infertility. This 
chapter will explore fertility treatment options for this condition including the risks, ben-
efits and success rates for different treatment methods. The importance of close patient 
monitoring with hormone levels and pelvic ultrasounds to ensure mono-ovulation and 
to avoid ovarian hyperstimulation syndrome will be highlighted.
Keywords: polycystic ovary syndrome, anovulation, obesity, ovulation induction, 
ovarian hyperstimulation, gonadotrophins
1. Introduction
Polycystic ovarian syndrome (PCOS) is the commonest cause of anovulatory infertility 
[1]. Depending on the population studied between 5 and 18% of women of reproductive 
age suffer from PCOS, however not all of them are anovulatory or experience subfertility 
[2–4].
The aim of fertility treatment in women with subfertility and PCOS is to safely induce mono-
follicular ovulation resulting in the birth of a singleton child. Women undergoing fertility 
treatment with PCOS are at significant risk of both multi-follicular development and ovarian 
hyper-stimulation syndrome (OHSS), so they must be carefully counselled and monitored dur-
ing fertility treatment. It is imperative that prior to embarking on fertility treatment a patient’s 
health and weight is optimised. This chapter will explore the latest evidence for fertility treat-
ments for women with PCOS.
© 2018 The Author(s). Licensee InTech. This chapt r is distributed under the terms of the Creative Comm s
Attribution L cense (http://creativecommons. /licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
2. Definition and diagnosis of PCOS
The current diagnosis for PCOS surrounds the cluster of signs and symptoms that the syn-
drome encompasses, namely anovulation, hyperandrogenaemia, insulin resistance and 
polycystic ovaries. The Rotterdam Criteria for diagnosis of PCOS requires two of the three 
diagnostic criteria, namely oligo- or anovulation, clinical or biochemical signs of hyperan-
drogenism and polycystic ovarian morphology (Table 1) [1].
There is discussion that the Rotterdam criteria is too broad and may be resulting in over 
diagnosis of the syndrome [5], especially in young women, prone to clinical signs of hyperan-
drogenism and who are more likely to have morphological features of polycystic ovaries on 
USS. Furthermore, when investigating a patient for possible PCOS, age, ethnicity and weight 
should be factored in.
Hyperandrogenic features, either biochemical or chemical, are seen in 60–80% of patients 
with PCOS [6]. Clinical features of hyperandrogenism correlate poorly with blood andro-
gen levels, especially in some ethnic groups, particularly South East Asian, with increased 
sebaceous gland susceptibility to circulating androgens. Serum androgen concentrations 
must be measured in the setting of more severe clinical findings to ensure other causes of 
hirsutism are excluded such as adrenal tumours or non-classical congenital adrenal hyper-
plasia (CAH).
Polycystic ovarian morphology definition is predominantly based on findings from 
a paper by Sonnard in 2003 comparing 214 ovaries of PCOS patients with 112 normal 
women’s ovaries to conclude that a diagnosis of polycystic ovaries should be more than 
12 follicles measuring between 2 and 9 mm per ovary or an ovarian volume of more than 
10cm3. This diagnostic criterion is now largely seen to be too broad with further studies 
and improvement in ultrasound techniques suggesting that either the diagnostic follicle 
number should be increased [7] or raised AMH levels should be included in the diagnostic 
criteria.
Oligo-ovulation or anovulation is suggested by either irregular cycles or a sup-optimal mid-
luteal phase progesterone. Cycles that are either shorter than 21 days or longer than 35 days 
are highly suggestive of anovulation, although It is recognised that even in adolescents with 
very short or protracted cycles ovulation can still occur, with obvious implications should 
pregnancy avoidance be required [8].
Two out of the following three criteria
1. Oligo- and/or anovulation
2. Clinical and/or biochemical signs of hyperandrogenism
3. Polycystic ovaries on ultrasound after exclusion of other aetiologies (congenital adrenal hyperplasia, androgen 
secreting tumours, Cushing’s syndrome)
Table 1. Revised ESHRE/ASRM Rotterdam consensus diagnostic criteria for PCOS.
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3. Lifestyle modifications and weight loss
The first line of treatment and advice to women with PCOS seeking fertility treatment 
should be to optimise health. This is true for all women considering pregnancy but impera-
tive for women with PCOS due to the commonly seen associations of obesity and metabolic 
disorders. Furthermore, as with any woman about to start to try to conceive, her doctor 
must stabilise any co-existing morbidities, and any medication prescribed must be safe for 
pregnancy.
While 9–18% of the female reproductive age population meet the criteria for PCOS, up to 
70% of obese women do [9]. Obese patients with PCOS have an associated increase in sever-
ity of the disease, not just from a fertility perspective but for all metabolic and psychological 
sequelae of the disorder, when compared with non-obese PCOS patients. Obesity is associ-
ated with an increased risk of anovulation, increased androgen production and decreased 
response to follicular stimulating hormone (FSH) equating to decreased fecundity both in 
natural conception and assisted reproductive techniques [10]. Risks to the foetus if concep-
tion does occur include increased rates of congenital anomalies (neural tube defects, ompha-
locele and cardiac defects) [11], increased rates of hypoglycaemia of the newborn and other 
complications of gestational diabetes and long-term greater risks of metabolic disease for life. 
Risks to the pregnant obese patient include greater incidence of hypertensive disorders in 
pregnancy, increased incidence of thromboembolic events, increased incidence of gestational 
diabetes, increased risks of operative delivery and increased risks of perineal trauma [11]. 
For all these reasons, it is imperative that patients embarking on fertility treatment are first 
counselled and advised to optimise their weight and aim for a body mass index (BMI) in the 
healthy range.
With a 5–10% weight reduction in patients with PCOS significant benefits are seen in all 
aspects of health, including reproductive health. Spontaneous ovulation is more likely and 
patient’s response to fertility treatment is more likely to be successful [12, 13]. Caloric restric-
tion, increased physical activity and weight loss medication can all play a role in helping 
patients achieve the necessary weight loss to either conceive spontaneously or have greater 
success with fertility treatments. There is limited data on live birth rates, however a loss of 
weight from an unhealthy weight range in PCOS patients is associated with an improved 
waist to hip ratio measurement, improved clinical and biochemical signs of hyperandrogen-
ism and improved insulin resistance [14].
A recent randomised control trial of 149 patients with PCOS and body mass index (BMI) 
between 27 and 41 kg/m2 compared 16 weeks of lifestyle modification (caloric restriction, 
weight loss medication and increased levels of physical activity), the combined oral con-
traceptive pill (COCP) or both interventions followed by 4 cycles of clomiphene citrate and 
timed intercourse. The researchers found significant weight loss in the lifestyle modifica-
tion group (mean weight loss −6.2%) and the combined group (mean weight loss −6.4%) 
when compared to the COCP only group. Superior cumulative ovulation rates were seen 
in the lifestyle group (60%) and the combined group (67%) compared with the COCP 
group (46%) after 4 cycles of clomiphene citrate. Live birth rates were not significantly 
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increased, although the study was not adequately powered for livebirth as an outcome, 
but were higher in the lifestyle (26%) and combined (24%) group compared with the COCP 
group (12%) [12].
Bariatric surgery can be considered in women with a BMI over 35 and who have had a failed 
attempt at weight loss with lifestyle modifications. Bariatric surgery improves markers of 
PCOS influencing fertility, namely anovulatory cycles, hormonal ratios and insulin resis-
tance, but comes with the increased risk of a malabsorptive state and disordered eating as 
well as psychological issues [15–17]. There are limited trials powered to confirm an absolute 
improvement in live birth rates following bariatric surgery. Pregnancy and fertility treat-
ments should be avoided for a minimum of 12 months after such surgery to reduce the preg-
nancy complications associated with bariatric surgery, such as; preterm birth and being small 
for gestational age. This is due to the profound catabolic state existing after surgery and 
the depletion of micro-nutrients from the diet [18]. Due to this enforced time delay, in the 
setting of an older woman with falling ovarian reserve, time for substantial weight loss or 
bariatric surgery may not be feasible to ensure a successful pregnancy. In these cases, with 
proper counselling, more leniency may be given to cut off levels of BMI to commence fertility 
treatment.
4. Metformin
Metformin is a biguanide antihyperglycaemic medication used in Type 2 diabetes mellitus. It 
acts by decreasing glucose levels through reducing hepatic glucose production and reducing 
intestinal absorption of glucose, overall reducing the level of insulin secretion. As PCOS has 
a strong association with hyperinsulinaemia and insulin resistance many patients with PCOS 
have been treated with metformin, and there is a substantial amount of research showing the 
beneficial effects of metformin on reproductive outcomes. There is strong evidence to show 
that within 1–3 months of commencing metformin treatment there is improvement in cycle 
regularity and improved ovulation rates [19]. Up to 50% of anovulatory women with PCOS 
will ovulate after treatment with metformin [20]. It is thought metformin acts by not only 
reducing insulin levels systemically, but also by directly acting on the ovary to alter gonado-
trophin levels [21]. Metformin use is associated with weight loss, greater than with lifestyle 
changes alone, and thus is associated with the reproductive benefits outlined in the weight 
loss effects above [22].
Metformin’s influence on reproductive outcomes has demonstrated an improvement in clini-
cal pregnancy rates, without an improvement in overall live birth rates, and does not appear 
to provide additional benefit when combined with clomiphene citrate, unless used in the 
profoundly overweight patient. A meta-analysis of 38 trials of nearly 3500 women showed 
that there was no increase in the live birth rate for women treated with metformin, either 
as a single agent (OR1.80 CI 0.52–6.16) or as an addition to clomiphene citrate. (OR 1.16, CI 
0.85–1.56) [23].
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However there is some evidence that metformin may improve live birth rates for women 
undergoing ovulation induction when combined with gonadotrophins. Two RCTS com-
paring the use of placebo versus metformin in ovulation induction with gonadotrophins 
for women with PCOS have shown a higher live birth rate (OR 2.31) in the metformin and 
gonadotrophin group compared with the placebo and gonadotrophin group, however the 
numbers studied were small [24, 25]. There was no observed increase in multiple pregnancy 
rates in these studies or others looking at clinical pregnancy rates only, with the addition of 
metformin [26].
From the studies outlined above metformin cannot be recommended as a treatment for ovula-
tion induction alone, however in obese or overweight women it can play a role in weight loss 
which may facilitate spontaneous ovulation in conjunction with clomiphene. There is some 
limited data that it may improve reproductive outcomes as an adjunct to ovulation induction 
treatment with gonadotrophins in women with diagnosed PCOS.
5. Clomiphene and anti-oestrogens
Clomiphene citrate is a selective oestrogen receptor modulator (SERM) used to induce ovula-
tion in anovulatory patients for over 50 years [27]. It will induce ovulation in around 75% of 
patients with PCOS. Increasing doses of clomiphene results in increased rates of ovulation, 
but not necessarily increased rates of pregnancy. Being a SERM, clomiphene acts on oestro-
gen receptors in the hypothalamus and pituitary, to increase follicular stimulating hormone 
(FSH) production, and on receptors in the endometrium and cervix with differing antagonist 
and agonist qualities depending on dose [28]. Clomiphene, particularly in higher doses, can 
produce a less receptive endometrial environment and a more hostile cervical mucus, which 
may negatively affect pregnancy rates.
Ovulation rates were studied at different doses for women with PCOS, with the finding that at 
a starting dose of 50 mg per day 46% of patients ovulate, 70% ovulate with 100 mg, 76% with 
150 mg and up to 90% at doses greater than 150 mg daily for 5 days [29]. As doses increase 
a lower percentage of the women who have not ovulated previously on the lower dose have 
success with the higher dose as the proportion of women with true clomiphene resistance 
increases. Patients are usually deemed clomiphene resistant, thought to affect around 15% of 
women with PCOS, if no follicle development is seen with 3 cycles of maximal dose (150 mg 
for 5 days) of clomiphene citrate [30]. Patients are more likely to be clomiphene resistant if 
they are obese and suffer from significant hyperandrogenism [31].
Evidence suggests women with PCOS undergoing fertility treatment with clomiphene have 
a cumulative pregnancy rate of around 45% after 4 cycles and 65% after 6 cycles [32], with a 
live birth rate of around 42% [33]. After 6 cycles of treatment the pregnancy rate falls despite 
regular ovulation, suggesting other subfertility issues may be present in the couple or the 
effects of high dose clomiphene is impacting the uterus.
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It is essential that clomiphene treatment, as with any ovulation induction treatment, must 
be monitored with serial transvaginal ultrasound examinations (TVUS) to monitor follicular 
development, and allow for cycle cancellation if a response with more than one dominant fol-
licle developing is seen. Monitoring treatment in this way keeps the rate of multiple pregnan-
cies to a minimum. The multiple pregnancy rate with clomiphene treatment is between 6.9–9% 
for twin pregnancies and less than 1% for higher order multiple pregnancy. Congenital mal-
formations have not been shown to be any higher in women taking clomiphene than women 
who spontaneously ovulated [34].
Clomiphene treatment is for the most part well tolerated with common side effects relating to 
the effects of hypoestrogenism including hot flushes, abdominal distention, nausea and breast 
tenderness being seen in 10–20% of patients. Side effects do not appear to be dose dependent, 
but rather a result of patient response.
The risk of ovarian hyperstimulation syndrome (OHSS) is theoretical with clomiphene 
use and if occurs is nearly always mild. Treatment dose should always be started low and 
increased only if ovulation has not occurred to avoid this risk.
Clomiphene has been the first line fertility treatment for women with PCOS for many years, 
however data is emerging that other treatment modalities have greater success and a move 
away from using clomiphene citrate in the first instance is being practiced.
6. Letrozole
Letrozole is an aromatase inhibitor inducing a hypo-oestrogen state by inhibiting the enzyme 
converting androgens to oestrone and oestradiol. A low serum oestradiol concentration 
results in increased pituitary FSH production, and consequently subsequent follicular devel-
opment and ovulation. It is licenced for the treatment of oestrogen sensitive breast cancers in 
postmenopausal women, but is gaining popularity in its currently off label use in producing 
mono-ovulation in women undergoing fertility treatment with PCOS.
Like clomiphene, letrozole is given in the early follicular phase of the cycle for 5 consecu-
tive days. Dosing is started low, usually at 2.5 mg to ensure response can be monitored 
and avoid cycle cancellation if an exaggerated follicular response is seen. Higher doses are 
associated with poorer endometrial thickness, but not at the levels seen with clomiphene 
citrate [35].
Compared with clomiphene citrate letrozole has been shown in a randomised controlled 
trial and a meta-analysis of six trials to be superior at inducing ovulation (the RCT showing 
relative risk (RR)1.28) and live-birth rates (RR 1.44) [36, 37]. These results were particularly 
evident for patients with a body mass index over 30 kg/m2, with no significant difference 
between the two treatment modalities in patients with a BMI of less than 30 kg/m2. The same 
study reported lower multiple pregnancy rates with letrozole compared with clomiphene use 
(3.4% vs. 7.4%), however the study was not powered for this outcome.
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Studies looking at foetal safety with letrozole use have found no significant difference in the 
rates of congenital anomalies in pregnancies conceived using letrozole, compared with clomi-
phene or spontaneous ovulation [38]. Side effects related to low oestrogen levels with letro-
zole appear to be less common than those seen with clomiphene use.
Particularly for patients who are obese (BMI over 30 kg/m2) letrozole can be considered as a 
first line treatment for mono-ovulation induction. For women with a BMI less than 30 kg/m2 
letrozole may lead to similar pregnancy rates to clomiphene, however the side effect profile 
and the possible lower multiple pregnancy rates may favour the use of letrozole.
7. Gonadotrophins
Gonadotrophins in the form of injectable recombinant FSH are used in women with PCOS 
to induce mono-ovulation, historically as a second-line treatment after a patient had failed 
clomiphene citrate treatment. The perceived risk of ovarian hyper-stimulation and multiple 
gestation has meant it has been overlooked as a first-line treatment. This view is changing 
with more evidence to support its use, particularly with low dose, step-up protocols with very 
close monitoring (Langdon et al. 2017 personal communication).
Patients with PCOS are particularly sensitive to FSH due to the high antral follicle count 
associated with the condition. It is imperative that the dose threshold to induce ovulation is 
reached gradually to reduce the risk of multiple follicles being recruited resulting in cycle 
cancellation, multiple pregnancy or even OHSS, as well as patient disappointment. In therapy 
naïve patients dosing usually begins at 25 or 37.5 IU/day increasing by small increments (usu-
ally 12.5 IUI) at a minimum of 7–10 days, if no response is seen on vaginal ultrasound moni-
toring or serum oestradiol levels [39]. Requirements for higher doses of FSH are often seen 
in women with a greater BMI, older age, insulin resistance and amenorrhoea compared with 
oligomenorrhoea [33].
The success of gonadotrophin ovulation induction is superior to clomiphene. An RCT of ther-
apy naïve women with PCOS compared to treatment with either clomiphene or low dose FSH 
for up to 3 cycles and found that treatment with FSH had a higher first cycle pregnancy rate 
(30% vs. 14.6%, 95% CI 5.3–25.8), overall pregnancy rate (58% vs. 44%, 95% CI 1.5–25.8) and 
live birth rate (47.4% vs. 36.9%.) [42].
Despite the increased success rates associated with gonadotrophin use the therapy has not 
been embraced as a routine first line fertility treatment for PCOS in many fertility centres due 
to older studies warning of increased complication rates with its use, and a lack of reimburse-
ment in some jurisdictions. Multiple gestation rates when FSH is used with the purpose of 
achieving of mono-ovulation are documented to be as low as 6%, comparable to clomiphene 
use [40]. This is achieved by strictly adhering to a low dose, slow step-up protocol as outlined 
above. It is further achieved by being wary of patients who may have a greater response to 
FSH treatment, namely younger patients, those with high AMH levels and those with nor-
mal BMI, and ensuring treatment is commenced on the lowest FSH dose possible, and only 
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increased after a period of up to 14 days with no response. Cancelling cycles when response is 
excessive is imperative to keeping multiple pregnancy rates down. Having a 5–20% cancella-
tion rate has been shown to be associated with a less than 2% higher order multiple pregnancy 
rate and no difference in pregnancy rates over 4 cycles, and patients should be thoroughly 
counselled about this [41].
OHSS is a risk with FSH use but with carefully monitored use as described above in 
women with PCOS the risk is minimal and almost completely avoidable. The risk is only 
present if too many follicles are stimulated, thus starting with a low dose of FSH, and 
making small incremental increases only when no response is seen over an extended 
period and having a low threshold for cancellation of the cycle, OHSS risk can be com-
pletely avoided.
A review of 591 cycles of ovulation induction with gonadotrophins in 268 PCOS patients 
in our unit demonstrated that adherence to a low dose step up protocol had success rates 
of 22% for their first cycle, 18% for second cycles and 7% for third cycles. Success rates fell 
steeply after a third cycle. Success rates were highest for women with normal BMI (<25 kg/
m2) and aged less than 35 years. Our multiple pregnancy rate was 2% with a cancellation 
rate of 13%. Over 591 cycles there were no cases of OHSS (Langdon et al. 2017, personal 
communication).
With careful administration and monitoring of a low-dose step up protocol, FSH ovulation 
induction is more successful and not associated with any greater risk than clomiphene. Many 
units are moving towards using this method as a first line treatment for PCOS patients. It is 
worth noting that success rates seem to fall after 3 cycles and consideration should be given to 
attempting other forms of fertility treatment if pregnancy has not been achieved by this point.
8. Laparoscopic ovarian drilling
Laparoscopic ovarian drilling is a longstanding treatment for anovulation for women with 
PCOS. It is of value if performed at the time of diagnostic laparoscopy as part of a general 
infertility investigation after fallopian tube patency has been demonstrated and a normal 
semen assessment has been documented. It also offers rural patients the ability to undergo 
ovulation induction treatment without the requirement for frequent blood tests and ultra-
sound examinations. Laparoscopic ovarian drilling improves ovulation rates likely through 
destruction of theca cells in the ovary that produce androgens resulting in increased FSH 
levels and reduced LH levels conducive to normal follicular development. As a first line treat-
ment, randomised trials have shown similar results for ovulation, conception and live birth 
rates when compared with up to 6 cycles of clomiphene [42] and has a likely ongoing success 
rate without the risk of multiple pregnancy from clomiphene.
Compared with gonadotrophins, similar rates of pregnancy and live birth rate were seen in a 
meta-analysis of randomised trials comparing the two methods but with far lower multiple 
pregnancies and no risk of OHSS [43]. Potential drawbacks of laparoscopic ovarian drilling 
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include the possibility of pelvic adhesion development and possible reduction in ovarian 
reserve. Studies looking at repeat laparoscopies following ovarian drilling procedures have 
shown adhesions in over 30% of patients treated with diathermy and 50% of patients treated 
with laser [44]. Reduced serum AMH concentrations, antral follicle counts, and ovarian vol-
ume as well as raised FSH levels following ovarian drilling support the notion that ovarian 
drilling has a possible negative impact on ovarian reserve.
9. In vitro fertilisation (IVF) and reducing OHSS rates
In vitro fertilisation (IVF) is usually reserved for women with PCOS who have failed other 
treatments or with additional issues compromising their fertility. Women with PCOS, as 
has been discussed previously, are especially at risk of developing OHSS when undergo-
ing IVF, but as a consequence of this often respond very well to IVF stimulation produc-
ing many follicles and oocytes. It is a careful balance to ensure a patient responds well 
to FSH dosing, but not so well that they are at significant risk of OHSS. A patient with 
PCOS undergoing an IVF stimulation cycle needs to have a well monitored, individualised 
stimulation regime to reduce the risk of OHSS and minimise the chance of cycle cancella-
tion. Her age, antral follicle count, anti-Mullerian hormone level (AMH) and BMI should 
all be considered when starting a cycle and planning the starting dose of FSH. Monitoring 
with transvaginal ultrasound and serum oestradiol concentrations should be very thor-
ough with a low threshold for cancelling a cycle or employing other methods to reduce the 
risk of OHSS.
Other ways of avoiding OHSS in these high-risk patients is to routinely use GnRH antago-
nists rather than agonists to prevent the LH surge [45]. Two meta-analyses have shown lower 
rates of OHSS when GnRH antagonists are used compared to use of an agonist, but possibly 
at the cost of slightly reduced pregnancy rates as GnRH agonists generally result in enhanced 
follicle recruitment [46, 47].
Coasting can be a way to prevent cancellation of the cycle if oestrogen levels are rising too 
rapidly and there is concern the patient may be at risk of OHSS. Coasting involves with-
holding FSH therapy while continuing LH suppression with a GnRH agonist or antagonist. 
This is done until oestradiol levels fall to an acceptable level, if they do not a low threshold 
must be maintained to cancel the cycle. A review employing 3 days of coasting in the event 
of high oestradiol levels had minimal effect on pregnancy rates and importantly a low OHSS 
rate (<2%) [48]. If coasting occurred for longer than 3 days pregnancy rates were affected and 
thus the suggestion is made that after 3 days of coasting if oestradiol levels have not fallen, 
consideration of cycle cancellation is warranted.
There is growing evidence of the benefits of metformin use prior to IVF cycles in women with 
PCOS to reduce the risk of OHSS. Two meta-analyses have found similar results with a signifi-
cant reduction in OHSS rates in patients pre-treated with metformin (OR 0.27, 95%CI 0.16–0.46 
and OR 0.29, 95%CI 0.18–0.49) [49, 50], although metformin treatment was not shown to affect 
the live birth rate compared with placebo treatment in either study.
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In vitro oocyte maturation (IVM) is a new technique that eliminates the risk of OHSS [51] 
and is well suited to patients with PCOS due to their high antral follicle count. Immature 
oocytes are collected and matured in culture before undergoing either IVF or ICSI fertilisa-
tion techniques. It requires minimal amounts of stimulation prior to antral follicle collection 
eradicating the risk of OHSS and also reducing medication costs to the patient. Data suggests 
that the live birth rate may be reduced in comparison with standard IVF cycles, especially in 
fresh cycles, however for frozen embryo transfer cycles pregnancy, miscarriage and live birth 
rates are not significantly different [52].
It is imperative that clinicians who put women with PCOS through IVF stimulation cycles 
are vigilant for the development of OHSS in these patients and monitor and treat accordingly 
(Table 2).
10. Conclusion
PCOS is the most common cause of anovulatory infertility and thus is responsible for a large 
percentage of women seeking fertility treatment. When implementing a treatment plan for 
a patient with PCOS their metabolic health and weight are important factors that must be 
Selection of patients
  IVF only in appropriately selected patients following unsuccessful ovulation induction or other specific fertility 
issues requiring treatment with IVF
  Consideration of in vitro oocyte maturation in very high risk patients
  Pre-treatment with Metformin and continue through IVF cycle
Cycle management
  Well monitored, individualised stimulation regime
  Low threshold for cycle cancellation
  GnRH antagonist protocol
  Consider cycle coasting for up to 3 days if concern high for OHSS
At time of trigger injection
  Use an agonist trigger and adopt a “freeze-all embryos” approach to the cycle
  Consideration of the use of a dopamine agonist to reduce OHSS risk
Luteal phase management
  Continue ovarian down-regulation into the luteal phase if no embryo transfer is planned
  Early consideration of adopting a “freeze-all” approach
  If proceeding to a fresh embryo transfer: the replacement of a single embryo
Table 2. Methods for reduction of rates of OHSS in women with PCOS undergoing IVF.
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addressed and managed prior to embarking on assisted reproductive techniques. The risks 
of OHSS and multi-follicular development in patients with PCOS means that care must be 
taken with close, careful monitoring to ensure mono-ovulation is achieved and the risks of 
multiple pregnancy and OHSS is kept to a minimum. If this approach is adopted the infertil-
ity treatment for these women is both safe and effective and patients should be reassured of 
these facts.
Author details
Fiona Langdon1,2, Jennifer Pontre1 and Roger J. Hart2,3*
*Address all correspondence to: roger.hart@uwa.edu.au
1 King Edward Memorial Hospital, Perth, WA, Australia
2 Fertility Specialists of Western Australia, Bethesda Hospital, WA, Australia
3 Division of Obstetrics and Gynaecology, University of Western Australia, Women and 
Infants Research Foundation, King Edward Memorial Hospital, Perth, WA, Australia
References
[1] ESHRE Capri Working Group. Health and fertility in World Health Organization group 
2 anovulatory women. Human Reproduction Update. 2012;18:586-599
[2] ESHRE REA-SPCWG. Revised 2003 consensus on diagnostic criteria and long term health 
risks related to polycystic ovary syndrome (PCOS). Human Reproduction. 2004;19:41-47
[3] March WA, et al. The prevalence of polycystic ovary syndrome in a community assessed 
under contrasting diagnostic criteria. Human Reproduction. 2010;25:544-551
[4] Hart R, Hickey M, Franks S. Definitions, prevalence and symptoms of polycystic ova-
ries and polycystic ovary syndrome. Best Practice & Research. Clinical Obstetrics & 
Gynaecology. 2004 Oct;18(5):671-683
[5] Wang R, Mol BWJ. The Rotterdam criteria for polycystic ovary syndrome: Evidence-
based criteria? Human Reproduction. 2017;32(2):261-264
[6] Balen AH, et al. The management of anovulatory infertility in women with polycys-
tic ovary syndrome: An analysis of the evidence to support the development of global 
WHO guidance. Human Reproduction Update. 2016;22(6):687-708
[7] Dewailly D, et al. Definition and significance of polycystic ovarian morphology: A task 
force report from the androgen excess and polycystic ovary syndrome society. Human 
Reproduction Update. 2014;20:334-352
Fertility Treatment for Women with PCOS
http://dx.doi.org/10.5772/intechopen.71188
71
[8] PeÃ AAS, Doherty DA, Atkinson HC, Hickey M, Norman RJ, Hart R. The majority 
of irregular menstrual cycles in adolescence are ovulatory: Results of a prospective 
study. Archives of Disease in Childhood. 2017. DOI: 10.1136/archdischild-2017-312968 
Published Online First: [9th 8 August 2017]
[9] Vrbikova J, et al. Obesity and polycystic ovary syndrome. Obesity Facts. 2009;2:26-35
[10] Perales-Puchalt A, Legro RS. Ovulation induction in women with polycystic ovary syn-
drome. Steroids. 2013;78:767-772
[11] Doherty DA, Newnham JP, Bower C, Hart R. Implications of polycystic ovary syn-
drome for pregnancy and for the health of the offspring. Obstetrics and Gynecology. 
2015;125(6):1397-1406
[12] Legro RS, et al. Randomised controlled trial of preconception interventions in infertile 
women with polycystic ovary syndrome. The Journal of Clinical Endocrinology and 
Metabolism. 2015;100:4048-4058
[13] Palomba S, et al. Six weeks of structured exercise training and hypocaloric diet increases 
the probability of ovulation after clomiphene citrate in overweight and obese patients 
with polycystic ovary syndrome: A randomised controlled trial. Human Reproduction. 
2010;25:2783-2791
[14] Moran LJ, et al. Lifestyle changes in women with polycystic ovary syndrome. Cochrane 
Database of Systematic Reviews. 2011;16:2
[15] Eid GM, et al. Effective treatment of polycystic ovary syndrome with Roux-en Y gastric 
bypass. Surgery for Obesity and Related Diseases. 2005;1:77-80
[16] Teitelman M, et al. The impact of bariatric surgery on menstrual patterns. Obesity 
Surgery. 2006;16:1457-1463
[17] Malik SM, Traub ML. Defining the role of bariatric surgery in polycystic ovarian syn-
drome patients. World Journal of Diabetes. 2012;3:71-79
[18] Legro RS, et al. Effects of gastric bypass on female reproductive function. The Journal of 
Clinical Endocrinology & Metabolism. 2012;97:4540-4548
[19] Sinawat S, et al. Long versus short course treatment with metformin and clomiphene 
citrate for ovulation induction in women with PCOS. Cochrane Database of Systematic 
Reviews. 2012;17:10
[20] Moghetti P. Metformin effects on clinical features, endocrine and metabolic profiles. The 
Journal of Clinical Endocrinology and Metabolism. 2000;85(1):139
[21] Diamanti Kandrakis E, et al. Metformin: An old medication of new fashion: Evolving 
new molecular mechanisms and clinical implications in polycystic ovary syndrome. 
European Journal of Endocrinology. 2010;162:193-212
[22] Nanderpoor N, et al. Metformin and lifestyle modification in polycystic ovary syndrome: 
Systematic review and meta analysis. Human Reproduction Update. 2015;21:560-574
Testes and Ovaries - Functional and Clinical Differences and Similarities72
[23] Tang T, et al. Insulin-sensitising drugs (metformin, rosiglitazone, pioglitazone, D-chiro-
inositol) for women with polycystic ovary syndrome, oligoamenorrhoea and subfertil-
ity. Cochrane Database of Systematic Reviews. 2012
[24] Palomba S, et al. Prospective parallel randomized, double-blind, double-dummy con-
trolled clinical trial comparing clomiphene citrate and metformin as the first line treat-
ment for ovulation induction in non-obese anovulatory women with polycystic ovary 
syndrome. The Journal of Clinical Endocrinology and Metabolism. 2005;90:4068-4074
[25] Begum MR, et al. Pre-treatment and co-administration of oral antidiabetic agent with 
clomiphene citrate or rFSH for ovulation induction in clomiphene-citrate-resistant poly-
cystic ovary syndrome. Journal of Obstetrics and Gynaecology Research. 2013;39:966-973
[26] Bordewijk EM, et al. Metformin during ovulation induction with gonadotrophins fol-
lowed by timed intercourse or intrauterine insemination for subfertility associated with 
polycystic ovary syndrome. Cochrane Database of Systematic Reviews. 2017;24:1
[27] Greenblatt RB, et al. Induction of ovulation with MRL/41. Preliminary report. JAMA. 
1961;178:101-104
[28] Dehbashi S. Effect of clomiphene-citrate on endometria; thickness and echogenic patterns. 
International Journal of Gynaecology and Obstetrics. 2003;80(1):49
[29] Rostami-Hodjegan A. Monitoring plasma concentrations to individualise treatment 
with clomiphene-citrate. Fertility and Sterility. 2004;81:1187-1193
[30] Abu Hasim H, Foda O, Ghayaty E. Combined metformin clomiphene in clomiphene 
resistant ploycystic ovary syndrome: A systematic review and meta-analysis of random-
ized controlled trials. Acta Obstetricia et Gynecologica Scandinavica. 2015;94:921-930
[31] Imani B, et al. Predictors of patients remaining anovulatory during clomiphene citrate 
induction of ovulation in normogonadotrophic oligoamenorrheic infertility. The Journal 
of Clinical Endocrinology and Metabolism. 1998;83:2361-2365
[32] Dickey, et al. Effect of diagnosis, age, sperm quality and number of preovulatory fol-
licles on the outcome of multiple cycles of clomiphene-citrate-intrauterine insemination. 
Fertility and Sterility. 2002;78:1088-1095
[33] Babak Imani MD, et al. A nomogram to predict the probability of live birth after clomi-
phene-citrate induction of ovulation in normogonadotrophic oligoamenorrheic infertil-
ity. Fertility and Sterility. 2002;77(1):91-97
[34] Kurachi K. Congenital malformations of newborn infants after clomiphene-induced 
ovulation. Fertility and Sterility. 1983;40(2):187
[35] Al-Fozan H. A randomised trial of letrozole versus clomiphene citrate in women under-
going superovulation. Fertility and Sterility. 2004;82(6):1561
[36] Franik S, Kremer JA, Nelen WL, Farquhar C. Aromatase inhibitors for subfertile women 
with polycystic ovary syndrome. Cochrane Database of Systematic Reviews. 2014;24:2
Fertility Treatment for Women with PCOS
http://dx.doi.org/10.5772/intechopen.71188
73
[37] Legro RS, et al. Letrozole vs clomiphene for infertility in the polycystic ovary syndrome. 
The New England Journal of Medicine. 2014;371(2):119-129
[38] Tulandi T, et al. Congenital malformations among 911 newborns conceived after infertil-
ity treatment with letrozole or clomiphene citrate. Fertility and Sterility. 2006;85(6):1761
[39] Homburg R, Hendriks ML, Konig TE, Anderson RA, Balen AH, Brincat M, et al. 
Clomifene citrate or low-dose FSH for the first-line treatment of infertile women with 
anovulation associated with polycystic ovary syndrome: A prospective randomized 
multinational study. Human Reproduction. 2012;27(2):468-473
[40] Calaf Alsina J, et al. Ovulation induction with a starting dose of 50IU of recombinant 
follicle stimulating hormone in WHO group II anovulatory women: The IO-50 study. 
BJOG. 2003;110:1072-1077
[41] Dickey RP. Strategies to reduce multiple pregnancies due to ovulation stimulation. 
Fertility and Sterility. 2009;91(1):1
[42] Amer SA, Li TC, Metwally M, Emarh M, Ledger WL. Randomised controlled trial com-
paring laparoscopic ovarian diathermy with clomiphene citrate as a first-line method of 
ovulation induction in women with polycystic ovary syndrome. Human Reproduction. 
2009;24(1):219
[43] Farquhar C, Brown J, Marjorbanks J. Laparoscopic drilling by diathermy or laser for 
ovulation induction in anovulatory polycystic ovary syndrome. Cochrane Database of 
Systematic Reviews. 2012;13:6
[44] Campo S. Ovulatory cycles, pregnancy outcomes and complications after surgical treat-
ment of polycystic ovary syndrome. Obstetrical & Gynecological Survey. 1998;53(5):297-308
[45] Mancini F, et al. Gonadotrophin-releasing hormone-antagonists vs long agonist 
in in-vitro fertilization patients with polycystic ovary syndrome: A meta-analysis. 
Gynecological Endocrinology. 2011;27(3):150-155
[46] Al-Inany HG, Abou-Setta AM, Aboulghar M. Gonadotrophin-releasing hormone antag-
onists for assisted conception: A Cochrane review. Reproductive Biomedicine Online. 
2007;14(5):640-649
[47] Lin H, Li Y, Li L, Wang W, Yang D, Zhang Q. Is a GnRh antagonsist protocol better in 
PCOS patients? A meta-analysis of RCTs. PLoS. 2014;18:9(3)
[48] Levinsohn-Taror O, Friedler S, Schachter M, Raziel A, Strassburger D, Ron-El R. Coasting—
What is the best formula? Hudman Reproduction. 2003;18(5):937
[49] Tso LO, Costello MF, Albuquerque LE, Andriolo RB, Macedo CR. Metformin treatment 
before and during IVF or ICSI in women with polycystic ovary syndrome. Cochrane 
Database of Systematic Reviews. 2014;18:11
[50] Palomba S, Falbo A, La Sala GB. Effects of metformin with polycystic ovary syndrome treated 
with gonadotrophins for in vitro fertilization and intracytoplasmic sperm injection cycles: A 
systematic review and meta-analysis of randomised controlled trials. BJOG. 2013;120(3):267
Testes and Ovaries - Functional and Clinical Differences and Similarities74
[51] Fadini R, et al. Effect of different gonadotrophin priming on IVM oocytes from women 
with normal ovaries: A prospective randomized study. Reproductive Biomedicine 
Online. 2009;19:343-351
[52] Walls ML, Hunter T, Ryan JP, Keelan JA, Nathan E, Hart RJ. In vitro maturation as an 
alternative to standard in vitro fertilization for patients diagnosed with polycystic ova-
ries: A comparative analysis of fresh, frozen and cumulative cycle outcomes. Human 
Reproduction. 2015;30(1):88-96
Fertility Treatment for Women with PCOS
http://dx.doi.org/10.5772/intechopen.71188
75

